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Introduction
In many high-income countries, the caries experi-
ence of 12-year-old children has markedly declined 
to around a mean number of decayed, missed due 
to caries, and filled permanent teeth (DMFT) score 
of 1.0 in the past few decades.1 In Turkish 12-year-
olds, the caries experience is 1.9 DMFT, and the 
caries prevalence is 61%.2 As about 40% of Turkish 
12-year-olds are caries-free and as it is expected 
that this percentage will gradually increase due to 
Background/purpose: The aim of the present study was to investigate whether car-
ies existence in the primary dentition at the age of 6−7 years can serve as a test to 
predict subsequent caries in the permanent first molars. Clinical examinations were 
carried out in suboptimal conditions of a school-based screening, where non-cavitated 
enamel caries could not be recorded.
Materials and methods: Caries were recorded at baseline and 4 years later in 286 
Turkish children aged 6−7 years old. Spearman’s correlation coefficients between var-
iables of the caries experience of the primary dentition at the age of 6−7 years and 
caries in the permanent first molars at the age of 10−11 years were calculated. The 
area under the ROC curve was used as a measure of predictive accuracy.
Results: Caries experience of the primary dentition (dmft), primary molars (dmft 
molars), and primary second molars (dmft 2nd molars) showed a statistically sig-
nificant correlation with caries (DMFT) 4 years later in the permanent first molars. 
Among the variables, the caries experience of the primary second molars was the most 
powerful caries predictor, which resulted in a value of 0.69 under the ROC curve.
Conclusion: With the selection criterion “dmft2ndmolars = 0” in this low-caries-
incidence pediatric population, it was possible to identify children truly negative 
for misclassification.
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the increased use of fluoride toothpaste, profes-
sionally applied preventive treatment might not 
be necessary for all children.
The most critical period for the initiation and 
progression of occlusal carious lesions is at the time 
of eruption.3 At the age of 6 years, occlusal surfaces of 
the permanent first molars are particularly vulner-
able to caries development.4 This fact has led to the 
development of preventive strategies using sealants, 
fluoride varnish, and fluoride gel application. Providing 
preventive treatment to only those at increased caries 
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risk would save money. Hence, a simple chair-side 
caries prediction test to identify those children who 
are not in need of chair-side prevention is warranted.
In the past few decades, several methods to iden-
tify children at increased risk of caries have been de-
veloped. These include bacterial and salivary tests in 
combination with oral hygiene scores and dietary fac-
tors.5,6 Such complicated prediction tests are imprac-
tical and too costly for use in normal dental practice. 
Studies on caries risk assessment in children have 
shown that past caries experience is the best indica-
tor of future caries development.7−11 This is not sur-
prising as the caries status/experience of children is a 
reflection of their past caries activity. Caries experi-
ence, particularly in young children, is the outcome 
of a recent interplay of all etiological factors that 
drive caries activity. Without changes in a persons’ 
caries-inducing behavior, caries activity will con-
tinue. This theoretically implies that one’s caries 
experience is a potentially powerful caries predic-
tor, particularly in the early permanent dentition.12
The inclusion of non-cavitated carious lesions in 
a caries prediction model improves the power of the 
prediction.7,8,12,13 However, in low-cost school-based 
oral-health programs, where children are screened 
for caries on the school premises with only a mirror 
and probe, without drying the tooth surfaces with 
compressed air, and without using artificial light, the 
majority of non-cavitated carious lesions are not de-
tected.14 Under such conditions, non-cavitated car-
ious lesions cannot accurately be diagnosed.
The aim of the present study was to investigate 
whether data of the caries experience of the pri-
mary dentition of 6−7-year-old Turkish children, 
considering only cavitated carious lesions, can 
serve as a predictor of future carious lesion devel-
opment in their permanent first molars.
Materials and methods
Study design and subjects
This was a prospective, longitudinal study on dental 
caries over 4 years among children in Turkey. An in-
formed consent letter was sent to parents or guard-
ians of the children. The returned signed letters were 
collected by primary-school authorities. Ethical ap-
proval for conducting the study was obtained from 
the Ethics Committee of Ege University, Izmir, Turkey 
(reference number 03-7/2M-440).
At baseline, 576 first-grade school children, aged 
6−7 years, were randomly picked from 13 schools 
situated in the vicinity of the Dental School in Izmir. 
These children were independently given an oral 
examination by two examiners and again 4 years 
later at the age of 10−11 years.
Caries examination
A caries diagnosis was carried out in the classroom 
under natural daylight with the aid of a mouth mir-
ror and probe using WHO diagnostic criteria.15 Only 
cavitated caries in the primary and permanent den-
tition were recorded. Children’s teeth were not 
cleaned prior to the examination. Compressed air for 
drying and artificial light were not available. No ra-
diographs were taken. The caries status, decayed, 
missing due to caries, and filled surfaces and teeth 
in the primary (dmft) and permanent (DMFT) denti-
tion were assessed. The two examiners were trained 
in detecting caries by visual examination under the 
conditions described, and their performance was 
compared and calibrated. They were trained again 
for the follow-up examination 4 years later, and 
their performance was compared and calibrated. 
Ten randomly selected children were examined by 
both examiners at the baseline and follow-up ex-
aminations. Cohen’s kappa values for interexaminer 
reproducibility of the primary teeth at baseline and 
of the permanent molars at the follow-up examina-
tion were 0.86 and 0.96, respectively.
Statistical analysis
For the primary dentition, the following combina-
tions were included in the analyses: dmft was the 
number of decayed, missing due to caries, and filled 
primary teeth; dmft molars was those of primary 
molars; dmft 2nd molars was those of 2nd molars; and 
dmft front was those of the primary anterior teeth. 
For the same categories, caries were also recorded 
at the surface level: dmfs, dmfs molars, dmfs 2nd 
molars, and dmfs front. For the permanent dentition, 
only the permanent first molars were included in 
the analysis.
Data analyses were performed using SAS version 
9.1 (SAS Institute, Cary, NC, USA). The variables of 
caries experience in the primary dentition and in 
the permanent first molars were not normally dis-
tributed. Therefore, nonparametric Spearman’s rank 
correlation coefficients were used to assess associa-
tions between variables of caries experience of the 
primary dentition at the age of 6−7 years and car-
ies of the permanent first molars 4 years later. The 
caries experience variables of the primary denti-
tion were further studied as caries predictors. For 
this analysis, the children were dichotomized into 
those who had developed caries in the permanent 
first molars 4 years later and those who had not. 
The sensitivity, specificity, and positive and nega-
tive predictive values were calculated. To summarize 
the information obtained, receiver operating char-
acteristic (ROC) curves plotting the probability of 
true positive (sensitivity) against the probability of 
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false positives (1 − specificity) at cutoff points of 
increasing caries experience of the primary denti-
tion were employed, and areas beneath the curve 
were computed using SPSS version 16.0 (SPSS Inc., 
Chicago, IL, USA).
Results
Since 290 children dropped out because they had 
moved away or were absent on the day of exami-
nation, 286 children were included in this longitu-
dinal study. Caries experience at baseline of the 290 
lost children, dmft = 3.36 (3.15), was significantly 
higher (t = 2.83, P < 0.01) than that of the study group, 
dmft = 2.57 (2.81). The prevalence and caries ex-
perience of the primary dentition and those of the 
permanent first molars at the baseline and follow-
up examinations are presented in Table 1.
Correlation coefficients between the caries ex-
perience variables of the primary dentition at the 
age of 6−7 years and caries (DMFT) in the permanent 
first molars 4 years later are presented in Table 2. 
Caries experience of the primary 2nd molars at the 
age of 6−7 years showed the highest correlation co-
efficient with DMFT of the permanent first molars 
4 years later. Correlations between caries variable at 
the tooth or surface level (dmft or dmfs) of the pri-
mary dentition showed comparable correlation co-
efficients with caries (DMFT) in the permanent first 
molars. No association existed between the caries 
experience of the primary anterior teeth and caries 
(DMFT) 4 years later of the permanent first molars.
The variables of caries experience of the pri-
mary dentition which were statistically significantly 
Table 1. Caries experience and prevalence of the primary dentition at the age of 6−7 years and of the permanent 
first molars at the age of 10−11 years
 Baseline (n = 286) 6−7 yr Follow-up (n = 286) 10−11 yr
dmft 2.57 ± 2.81 ND
dmfs 3.87 ± 5.32 ND
dmft molars 2.11 ± 2.25 ND
dmfs molars 3.26 ± 4.59 ND
dmft 2nd molars 1.18 ± 1.35 ND
dmfs 2nd molars 1.74 ± 2.70 ND
dmft front 0.46 ± 1.08 ND
dmfs front 0.62 ± 1.67 ND
Prevalence dmft > 0 67.8% ND
Prevalence dmft molars > 0 64.7% ND
Prevalence dmft front > 0 21.3% ND
DMFT 1st molars 0 0.18 ± 0.62
Prevalence DMFT 1st molars > 0 0% 10.1%
*Data are presented as mean ± standard deviation or %. dmft = decayed, missing due to caries, and filled primary teeth; 
dmfs = decayed, missing due to caries, and filled primary surfaces; DMFT = decayed, missing due to caries, and filled permanent 
teeth; ND = not determined.
Table 2. Spearman’s rank correlation coefficients 
between caries experience variables of the primary 
dentition at the age of 6−7 years and caries (DMFT) in 
the permanent first molars 4 years later
 Correlation 
P
 coefficient
dmft  0.15 0.01
dmfs  0.15 < 0.01
dmft molars  0.17 < 0.01
dmfs molars  0.17 < 0.01
dmft 2nd molars  0.21 < 0.001
dmfs 2nd molars  0.22 < 0.001
dmft front −0.02 0.74
dmfs front −0.01 0.87
dmft = decayed, missing due to caries, and filled primary 
teeth; dmfs = decayed, missing due to caries, and filled pri-
mary surfaces; DMFT = decayed, missing due to caries, and 
filled permanent teeth.
correlated with caries of the permanent first molars 
were tested as caries predictors. Fig. 1 presents the 
ROC of dmft, dmft molars, and dmft 2nd molars as 
predictors of caries (DMFT) in the permanent first 
molars 4 year later. The calculated areas beneath the 
ROC curve for dmft, dmft molars, and dmft 2nd 
molars were 0.64, 0.66, and 0.69, respectively.
Table 3 presents a series of three matrices with 
the numbers of true-positive, true-negative, false-
positive, and false-negative children as a result of 
applying the three screening criteria. The data clearly 
show that the screening criterion “dmft2ndmo-
lars = 0” resulted in a greater number of negative tests 
(47%) than the criteria “dmft = 0” or “dmftmo-
lars = 0”. Of those children who developed caries in 
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the permanent first molars, 76−83% had a positive 
test (sensitivity) using these screening criteria. Since 
the incidence of caries in the permanent first mo-
lars was low (10%), screening of the total sample of 
children resulted in only 2% false-negatives. On the 
basis of these screening criteria, 53−68% of the 
tests were positive, whereas actually only 10% of 
the children developed caries in the permanent first 
Table 3. Decision matrices and resulting ratios based on three screening criteria of no caries in the primary 
dentition at the age of 6−7 years and the absence/presence of caries in permanent first molars at the age of 
10−11 years
 Screening criteria at 6−7 years
 dmft = 0 dmftmolars = 0 dmft2ndmolars = 0
Validation criterion − + − + − +
Caries in permanent 1st molars
 − 87 170 95 162 126 131
 + 5 24 6 23 7 22
Negative test 32% 35% 47%
Relative risk* (95% CI) 2.3 (0.9−5.8) 2.1 (0.9−5.0) 2.7 (1.2−7.3)
Sensitivity 0.83 0.79 0.76
Specificity 0.34 0.37 0.49
Positive predictive value 0.12 0.12 0.14
Negative predictive value 0.95 0.94 0.95
*Relative risk of having caries in the permanent first molars at the age of 10−11 years when the test is positive. CI = confidence 
interval.
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Fig. 1 Receiver operating characteristic curves of the 
true-positive rate (sensitivity) against the false-positive 
rate (100 − specificity) for 6−7-year-old children at cut-
off points of increasing decayed, missing due to caries, 
and filled primary teeth (dmft), dmft molars, and dmft 
2nd molars used to predict caries (> 0) in the permanent 
first molars 4 years later.
molars. Thus, the tests resulted in many false posi-
tives. The negative predictive value was relatively 
high at 94−95%. Depending on the applied screen-
ing criteria, children with dmft > 0, dmft molars > 0, 
or dmft 2nd molars > 0 had 2.1−2.7-times higher 
chances of developing caries in their permanent 
first molars than those with dmft = 0, dmft molars = 0, 
or dmft 2nd molars = 0.
By changing the screening criteria from dmft 
2nd molars = 0 to > 3, the percentage of negative tests 
increased but the percentage of false-negative 
children increased (Table 4).
Discussion
The observed association between the caries ex-
perience of the primary dentition and caries de-
velopment in the permanent teeth in these Turkish 
children corroborates with previous findings in other 
pediatric populations in Hungary,16 the USA,17 the 
UK,18 Denmark,19 the Netherlands,20 Switzerland,7 
Norway,21 and China.22 In the present study, no asso-
ciation was found between the caries experience of 
the primary anterior teeth and caries development 
in the permanent first molars. The same finding was 
reported in a study on Chinese children and was as-
cribed to different feeding habits of infants and aging 
children.13 The area beneath the ROC curve repre-
sents the predictive power of the different predic-
tors and can be considered a measure of the 
potential predictive accuracy.23 In this study, the car-
ies predictor, dmft molars, resulted in a 66% area 
under the curve, which was similar to the 66% area 
under the ROC curve reported for 6−7-year-old 
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Chinese children. Inclusion of non-cavitated cari-
ous lesions in the “dmft molars” predictor of Chinese 
children resulted in a 70% area under the ROC curve. 
Inclusion of initial caries of fissures of permanent 
first molars in the predictor model increased the 
area under the ROC curve to 73%.13 The lack of in-
clusion of non-cavitated carious lesions in the car-
ies predictor model in the present study and the 
possible concomitant loss of predictive power could, 
to a certain extent, be compensated for by using 
“dmft 2nd molars” as a caries predictor, since it re-
sulted in a 69% area under the ROC curve. This re-
sult corroborates with previous findings that the 
condition of the primary second molars resulted in a 
better caries prediction than the condition of all 
primary teeth.24 It furthermore supports the the-
ory that the condition of more recently erupted 
teeth is a better predictor of caries than the condi-
tion of earlier erupted teeth.10 Thus, the simplest 
way to predict caries development in the perma-
nent first molars is to consider the condition of the 
four primary second molars.
Applying the screening criterion “dmft2ndmo-
lars = 0” in these Turkish children resulted in 47% of 
children with a negative test, of which only 2% were 
misclassified as false-negatives since they developed 
caries. But it must be stressed that this pediatric 
population had a low incidence of caries in the per-
manent first molars. Using such a test could lead to 
a 47% reduction in the costs of professionally applied 
preventive treatment. To reach optimal savings in 
the costs of professionally applied preventive meas-
ures, one would prefer a prediction model that se-
lects more children with a negative test, since 90% 
remained free of caries in their permanent first 
molars. The screening criterion “dmft2ndmolars = 4” 
resulted in a much higher number of children with 
a negative test (262 of 286; 92%). This gain in the 
percentage of negative tests was obtained with the 
undesirable effect of a greater number of misclas-
sifications, because 82% (23 of 29) of the children 
who developed caries would miss the preventive 
treatment they actually need.
In this low-caries-incidence pediatric sample, the 
screening criterion “dmft2ndmolars = 0” enabled the 
selection of children who do not need chair-side 
prevention without the drawback of too many false-
negatives. For a caries prediction model to be ac-
ceptable for clinical application, values of 80% have 
been suggested for both sensitivity and specificity,25 
or a combined value of 160%.26 However, those sug-
gestions were not based on practical considerations. 
The most important requirement for a caries pre-
diction test is its ability to select children who need 
or who do not need extra preventive attention. The 
presented method meets that requirement, but the 
test was applied on a low-caries-incidence pediatric 
sample.
Ninety percent of the permanent first molars of 
these 10−11-year-old children in this study were free 
of caries. The low caries incidence (10%) in the per-
manent first molars of the present sample of children 
could not be ascribed to professionally applied pre-
ventive measures, since none of the children in the 
present study had received sealants or any other pro-
fessionally applied preventive treatment. Con sidering 
the caries data of the Turkish Oral Health Profile,2 
one has to conclude that the dentition of the children 
in the present study is not representative of that 
found in the general Turkish pediatric population. 
Table 4. Decision matrices and resulting ratios based on the screening criteria decayed, missing due to caries, and 
filled primary teeth (dmft) 2nd molars = 0 and dmft 2nd molars > 3 at the age of 6−7 years and the absence/
presence of caries in permanent first molars at the age of 10−11 years
  Screening criteria at 6−7 years
 dmft2ndmolars = 0 dmft2ndmolars > 3
Validation criterion − + − +
Caries in permanent 1st molars
 − 126 131 239 18
 + 7 22 23 6
Negative test  47% 92%
Relative risk* (95% CI) 2.7 (1.2−7.3) 2.8 (1.3−9.6)
Sensitivity 0.76 0.21
Specificity 0.49 0.93
Positive predictive value  0.14 0.25
Negative predictive value 0.95 0.91
*Relative risk of having caries in the permanent first molars at the age of 10−11 years when the test is positive. CI = confidence 
interval.
Caries in primary molars as risk indicators 155
It can, therefore, be questioned whether the findings 
on caries prediction in this study bear any relevance 
for the pediatric population in Turkey. The question 
can even be addressed on a broader perspective, 
namely, to what extent is this caries-prediction test, 
based on the caries experience of the primary second 
molars, applicable to other pediatric populations?
From several studies,13,16,20 it can be concluded 
that a higher incidence of caries in children’s perma-
nent dentition adversely impacts the percentage of 
false-negative tests obtained with the screening cri-
terion “dmft = 0”. More research is needed in higher-
caries-incidence pediatric populations to investigate 
the applicability of the screening criterion “dmft-
2ndmolars = 0” to identify children who do not de-
velop caries in their permanent first molars in the 
years following the test.
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